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Annals of the Missouri Botanical Garden
Light microscopy (LM) of pollen morphology in the Euphorbiaceae (Erdtman, 1952: 165-175; Punt, 1962; Kohler, 1965) has been particularly influential in the development of recent classifications of the family (e.g., Webster, 1975 Webster, , 1994 . More recently, researchers have begun using scanning electron microscopy (SEM) to study pollen of Euphorbiaceae, and though no comprehensive surveys have yet been published, several papers have treated a variety of genera throughout the family, but especially from subfamilies Phyllanthoideae and Oldfieldioideae (Bonnefille & Riollet, 1980 (Hayden et al., 1984; Poole, 1981) have utilized transmission electron microscopy (TEM) to describe the details of exine architecture, and these papers treated only five genera.
We initiated a study of pollen ultrastructure in the Phyllanthoideae and Oldfieldioideae to help resolve intergeneric relationships. These two subfamilies have two ovules in each locule, which is generally regarded as the plesiomorphic condition in contrast to the single ovule per locule found in the remaining three subfamilies. Of the two biovulate subfamilies, Phyllanthoideae is by far the larger and presumably is paraphyletic and basal to the Oldfieldioideae and the uniovulate subfamilies (Webster, 1967 (Webster, , 1975 (Webster, , 1994 Webster et al., 1987) . Details of our pollen study will be published elsewhere (Simpson & Levin, in press ). Here we present an overview and phylogenetic analysis of the results, concentrating on the Oldfieldioideae. To evaluate pollen characters and better understand relationships within the subfamily, we also include a phylogenetic analysis of vegetative morphological and anatomical data compiled by Hayden (1980, 1994, this issue) and of selected reproductive characters.
MATERIALS AND METHODS
TAXA
We examined 40 species in 34 genera with LM and TEM; many of these genera we also examined with SEM (Table 1) . Nine genera are members of the Phyllanthoideae sensu Webster (1994) , selected to represent the major lineages that have been recognized by prior researchers (e.g., Kohler, 1965; Webster, 1975 Webster, , 1994 Levin, 1986c) . We included Amanoa guianensis and Securinega durissima because they have echinate pollen reminiscent of pollen of Oldfieldioideae (Webster, 1984; Webster et al., 1987) . In addition, we examined Didymocistus Kuhlm. because its leaf morphology resembles that of Hymenocardia Wallich ex Lindley (Levin, 1986a , b, c) and its wood differs significantly from that of the Aporuseae (Mennega, 1984 (Mennega, , 1987 , the tribe in which Webster (1975) , following Kuhlmann (1940) Webster (1994) included in the Oldfieldioideae. Like Webster (1994), we accept Paragelonium as a synonym of Aristogeitonia (Radcliffe-Smith, 1987b) and Stachyandra as distinct from Androstachys (Radcliffe-Smith, 1990). We have been unable to get pollen of Canaca, a dubious segregate from Austrobuxus (Webster, 1994) .
SPECIMEN PREPARATION
Flowers from dried herbarium specimens (cited in Table 1 ) were rehydrated at room temperature in 1% Aerosol OT for 3-5 days, then fixed and stored in F.A.A. (formalin/acetic acid/ethanol). For LM studies pollen was cleared in Hoyer's mounting medium (Radford et al., 1974 ) on a microscope slide preparation. LM observations were made using differential interference contrast optics on a Nikon Microphot-FX photomicroscope.
For SEM observations, whole anthers were first dehydrated to 100% ethanol, then gradually infiltrated to 100% methylal (dimethoxymethane) or Freon 113. Anthers were then placed in a metal capsule and critical point-dried (with a Tousimis critical point dryer) using pressurized carbon dioxide as the transition fluid. Pollen grains were tapped onto a stub covered with double-stick tape, sputter-coated with gold/palladium (using a Hummer-4 sputtering apparatus), and photographed on a Hitachi S500 scanning electron microscope. We also examined SEM photographs generously loaned by G. L. Webster.
For TEM observations, whole anthers or isolated pollen were fixed in cold 4% glutaraldehyde in 0.1 M Sorensen's phosphate buffer for 2 hours, fol- Palynological characters of investigated Euphorbiaceae. Taxa in Phyllanthoideae are arranged alphabetically. T which they appear in one of our preferred cladograms (Figs. 31-33A 
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Annals of the Missouri Botanical Garden lowed by several rinses in buffer and further fixation in 2% osmium tetroxide for 2 hours. The material was then quickly rinsed twice in buffer, progressively dehydrated to 100% ethanol, and infiltrated (via a gradation series) with Spurr's resin (Spurr, 1969) . The material was polymerized in BEEM capsules at 650C for 12-18 hours. Sections 0.5 ,gm thick were stained with 1% toluidine blue and mounted on a slide for light microscope observations. Anthers were then ultrathin-sectioned (ca. 95 nm thick) using a Diatome diamond knife on a Reichert Ultracut-E ultramicrotome, mounted on uncoated hexagonal 200 mesh copper grids, and post-stained with uranyl acetate (saturated solution in 50% ethanol, 15 minutes) and lead citrate (0.2% aq., 7 minutes). To inhibit stain precipitation, grids were gently and quickly washed in a running stream of filtered, distilled water between and after poststaining changes. Observations and photographs were made on a Phillips EM 410 transmission electron microscope.
PHYLOGENETIC ANALYSIS
We analyzed our data using Wagner parsimony as implemented by PAUP version 3.1 (Swofford, 1993) and HENNIG86 version 1.5 (Farris, 1988) . With PAUP we performed heuristic searches (options Mulpars, Maxtree = 250, and Hold = 5) starting with both closest and random (10 replicates) addition sequences followed by tree bisectionreconnection (TBR) branch-swapping. With HENNIG86 we used the options whennig* and bb to implement similar branch swapping. In addition, we iteratively used the options xsteps w and ccodes followed by whennig and bb to explore the effect of Farris's (1969) sequential weighting of characters, in which the weight of each character is adjusted according to its homoplasy on the previously generated trees. We analyzed character changes on alternative trees using MacClade version 3.0 (Maddison & Maddison, 1992) .
RESULTS AND DISCUSSION
CHARACTER DEFINITION
The characters and character states used in our cladistic analysis are listed in (Herr, 1971 Figure 11 indicates an aperture. Scale bars in 7, 9, 11 = 5 ,um; in 8, 10, 12 = 2 ,um. 5 ). Some taxa were coded "?" because we were unable to determine from the micrographs whether the pollen was verrucate or foveolate. The sculpturing of Picrodendron might be termed "vermiform" in that the tectal processes are somewhat elongated and twisted, but we coded it as verrucate because of its basic similarity to that pattern and because the sculpturing of Parodiodendron (Fig. 6 ) is somewhat transitional. Psilate-wrinkled pollen has a relatively smooth tectum apparently devoid of (nonspinal) sculpturing (e.g., Androstachys, Fig. 8 ), or may appear somewhat wrinkled, perhaps a function of specimen preparation.
We treated the structure of the exine wall as four separate characters (7-10). The first three correspond to the three general regions of the ektexine between the apertures. 
-: 1-----------------------------------------------------------------------------LL 4
2.0 (Fig. 14) as lacking a tectum; the echinae of this taxon we believe to be homologous to columellae. Evidence for this interpretation is the different structure of these echinae (distally rounded, unlike all other investigated taxa, which have sharply pointed echinae) and the probable homology of the echinae of Amanoa guianensis with the columellae of the related Amanoa strobilacea (Fig. 15) .
--------------------------------------------------------------------------
Tectum thickness varied considerably among the taxa we examined (Fig. 26) enings, though in several of these the endexine acter, have more than three apertures, the derived became more electron-dense around the ap-state of another character. Combining these two ertures. Because preliminary analysis showed characters into a single, unordered character with that the presence or absence of endexinous three states-zonate with three apertures, zonate thickenings had little phylogenetic signifi-with more than three apertures, and pan-aperturcance, we have included only ektexinous ate-allows the group with more than three zonate thickenings in this analysis.
apertures to be potentially monophyletic based on this single pollen character. We tried recoding these Aernavecodedtive odeng Tho cther way inpwhich characters and found that both codings gave the we have coded the pollen characters may appear sm ldgas to permit them to vary independently, the pattern similaronrato n of variation within the taxa combined with the coding predisposes certain outcomes. This problem, aperture type, pollen shape and aperture number, . ' and nonspinal sculpture and tectum structure, and ademoutrattempith to des chaanters mos apeasil perhaps others. As with the example we discussed demonstrated with the characters for aperture abve cobnn a paro hrcesit n number and distribution. As we have coded these unorer cmutistate characterd nto af te characters, a group potentially supported by the res ourtphyloenetic nas We he pan-aperturate condition is nested within a group trefore ose toylopesett d as We have potentially defined by aperture number greater than whichfwe coser plend moe infora tive. three; the group with more than three zonate apertures is necessarily paraphyletic based on these Vegetative morphology and anatomy. Most characters alone. This is because all taxa with pan-of the wood and leaf characters (11-47) that we aperturate pollen, the derived state of one char-included in our analysis are discussed by Hayden (1994, this issue). We obtained data for the Oldseveral crystals. In most of these genera, fieldioideae from his paper, and data for genera in as far as we can gather from the literature Phyllanthoideae and the uniovulate subfamilies of (e.g., Hayden, 1980 Hayden, , 1994 Reproductive morphology. For completeness we tried to include some characters of reproductive morphology in our phylogenetic analysis. Unfortunately we have been completely dependent on published descriptions for genera other than Paradrypetes. Literature reports on reproductive morphology of Oldfieldioideae are incomplete and often difficult to interpret because different authors have used descriptive terms inconsistently. For example, floral discs in some genera are described as "fused glands" whereas in others they may be described as "lobed." Without first-hand experience with the flowers, we cannot tell whether discs in these genera are actually different or merely described differently. Inflorescence architecture is similarly difficult to interpret. When we restricted our list to those characters we felt we could interpret with reasonable confidence, only five characters (48-52) remained. We expect that a careful study of Table 3 contains the character x taxon data matrix for our analyses. In order to explore the systematic implications of the pollen data we first performed cladistic analyses on these data alone. Then we performed cladistic analyses on the complete data set. In both cases both PAUP and HENNIG86 yielded numerous equally parsimonious trees, differing mainly in local rearrangement of taxa. We therefore produced a strict consensus tree for each data set. Choice of outgroup did not change the topology of the Oldfieldioideae on the consensus trees, but did affect the topology of the remaining taxa enough that a consensus among the various trees has limited resolution. Because of this and our limited sample of non-oldfieldioid taxa we will restrict most of our discussion to the relationships among Oldfieldioideae.
Pollen. Initial analysis showed that nonspinal sculpturing (character 6) was very homoplastic. Because of this and the large number of taxa for which we were unable to determine the sculpturing, we dropped this character from further analysis. The consensus tree based on the remaining pollen data alone is shown in Figure 28 . We show only the Oldfieldioideae (including Croizatia, Paradrypetes, and Scagea); the tree is rooted using the 222 Annals of the Missouri Botanical Garden TABLE 3. Character x taxon matrix for cladistic analysis of investigated Euphorbiaceae. All multistate characters are unordered. A "?" indicates an unknown or equivocal character state. Taxa with polymorphic characters are indicated by an "&" preceding a second line containing the alternate states for the polymorphic characters. Outgroup taxa are listed first, followed by taxa in the Euphorbiaceae. Taxa in the Phyllanthoideae are listed alphabetically, whereas taxa in the Oldfieldioideae are in the order shown in one of our preferred cladograms (Figs. 31-33A remaining outgroup taxa (Table 3 
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Annals of the Missouri Botanical Garden too, shares these synapomorphies. Note that though Croizatia is well nested within the Oldfieldioideae, it has only three apertures (2: 0). Securinega also has echinate pollen, but has three colporate apertures (2: 0, 4: 0); it also lacks other synapomorphies shared by the Oldfieldioideae (see below). It would appear then that echinate sculpture is convergent in Securinega and the genus should remain in the Phyllanthoideae. Whether the oblate to globose shape is apomorphic or plesiomorphic for Oldfieldioideae cannot be resolved with our data.
Based on pollen alone, Androstachys would appear to be the sister group of the rest of the Oldfieldioideae and not to be closely related to Stachyandra. Three ultrastructural features appear to be synapomorphies of the rest of the subfamily: the foot-layer is irregular or absent (7: 2), the columellae are discontinuous with the foot-layer where it is present (8: 1), and the tectum is microperforate/baculate (9: 2). This last state was first recognized by Hayden et al. (1984) who examined Austrobuxus and Picrodendron. The pollen characters we used are remarkably uniform among most of the subfamily, hence the large polychotomy at this level in the tree.
Palynological characters allow recognition of several multigeneric clades at this level. The first lade, consisting of Paradrypetes (Fig. 21) and Podocalyx (Fig. 20) , is united on the basis of their having the interstitium reduced or absent (8: 2). Because we treated the interstitial character as unordered, it is almost equally parsimonious to treat this state as synapomorphic for the entire subfamily and thus symplesiomorphic for these two genera. In that case, having columellae discontinuous with the foot-layer would be synapomorphic for the remaining genera of Oldfieldioideae. However, all the genera in Phyllanthoideae that we examined have a well-developed interstitium consisting of columellae that are continuous with the foot-layer, so it is more parsimonious to interpret the reduction of the interstitium as apomorphic.
The second lade, consisting of Choriceras, Dissiliaria, Longetia (Fig. 23) Another lade, consisting of Croizatia (Fig. 16) , Kairothamnus, Scagea (Fig. 24) , Neoroepera banksii, Micrantheum (Figs. 9, 10) , Pseudanthus (Figs. 11, 12) , and Stachystemon (Fig. 25) (Figs. 3, 4) , though pantoporate, has the exine structure typical of most Oldfieldioideae and therefore lacks the synapomorphies that place N. banksii in this lade. In all the equally most parsimonious trees, the pantoporate condition in Androstachys is convergent with the pantoporate condition in both this lade and Neoroepera buxifolia (cf. Fig. 28 ).
Combined character set. As might be expected given the greater number of characters, cladistic analysis of the entire data set yielded much better resolution of relationships. We again dropped pollen nonspinal sculpturing (character 6) from the analysis because of its relatively high homoplasy and our difficulty in determining the character states of many taxa (but see further discussion of this character below). Several hundred equally parsimonious trees resulted. We did not search the sets of trees resulting from different choices of outgroups for duplicate cladograms so we cannot state the precise number of equally parsimonious trees. We did compare the lade consisting of the Oldfieldioideae, however, and found 24 equally parsimonious arrangements of these taxa. Figure 29 illustrates the strict consensus tree for the relationships among the taxa of Euphorbiaceae we included and Figure 30A (Fig. 30B-D) . All but the three cladograms with the basic arrangement shown in Figure 30B (Figs. 30A and 32) , the polychotomies shown in Figure 33 result from absence of synapomorphies (zero branch lengths) rather than character conflicts and therefore cannot be further resolved with our data.
The trees produced using pollen data alone (e.g., base requires at least seven additional steps. In contrast, placing Androstachys with Stachyandra increases the length of the pollen-based tree by only two steps, namely reversals to a thin, homogeneous foot-layer (7: 0) and columellae continuous with the foot-layer (8: 0). The plesiomorphic states for the exine foot-layer and interstitium (characters 7 and 8) found in Androstachys are therefore better regarded as reversals rather than as ancestral conditions. Two characters of reproductive morphology, absence of petals (49: 1) and presence of a caruncle (51: 1), combine with pollen having more than three apertures (2: 1) to support the monophyly of the Oldfieldioideae less Croizatia, resulting in the latter genus occupying the basal position in the subfamily (Figs. 30, 31 ) when our entire data set is considered. Making Croizatia the sister group of the lade comprising Kairothamnus, Micrantheum, Neoroepera banksii, Pseudanthus, Scagea, and Stachystemon, as suggested by pollen alone (Fig. 28) , increases the length of the combined data set tree by five steps, whereas placing Croizatia at the base of the pollen-based tree requires only one additional step. The similarities in exine structure these taxa share, i.e., thick, homogeneous foot-layer (7: 1) and microperforate/ granular tectum (9: 3), therefore appear to be convergent between Croizatia and the remaining taxa. We must point out that the wood and leaf anatomy of Croizatia remains unknown; when studied, such data may support or contradict this hypothesis.
The results of this analysis clarify the synapomorphies of the Oldfieldioideae. As suggested by the tree based on pollen data alone, brevicolporate apertures (4: 1) and echinate pollen (5: 2) are synapomorphies of the subfamily. However, having more than three apertures (2: 1) is not a synapomorphy of the entire subfamily because the basal genus, Croizatia, retains the plesiomorphic state of three apertures. The phylogenies illustrated in Figures 31-33 show that having columellae discontinuous from the foot-layer (8: 1) is a further synapomorphy of the subfamily. In addition, though we deleted nonspinal sculpturing (character 6) from our final cladistic analysis and data are missing for several taxa, several patterns can be seen (Fig.  34) . Notably, no Oldfieldioideae are known to have reticulate sculpturing (6: 0), the prevalent condi- Punt (1962) and K6hler (1965) and scattered the oldfieldioid genera among five tribes, three of them also containing phyllanthoid genera. He was the first, however, to place Paradrypetes with other genera of the Oldfieldioideae. Webster (1975 Webster ( , 1994 ), in contrast, relied heavily on palynology and presented major reorganizations of the subfamily. With the exception of Webster's (1994) recent classification, none of these treatments agrees very well with either of the preferred phylogenies based on our combined data set (Figs. 31-33) .
Though we are somewhat reluctant to propose a formal classification of the Oldfieldioideae given the paucity of reproductive morphological data in our analysis, we find it useful to summarize our findings in the form of a system. We therefore propose the classification shown in Table 4 and Figure 35 , in which all the suprageneric taxa are monophyletic according to our preferred phylogenies (Figs. 31-33) . We have not given coordinate taxa equal rank, but for suprageneric taxa have followed the sequencing convention proposed by Wiley (1979 Wiley ( , 1981 , wherein each taxon is the sister group of the taxon or taxa of equal rank following it in sequence. Within suprageneric taxa we list genera alphabetically. Our classification is almost identical to that of Webster (1994), differing only in the placement of Tetracoccus (see below).
We divide the Oldfieldioideae into four tribes. The first tribe, the Croizatieae, consists solely of the genus Croizatia. The remaining Oldfieldioideae share two unique synapomorphies ( subfamily (Fig. 37) . In Picrodendron, the first pair of leaves above the cotyledons are opposite, though the remaining leaves are alternate (Hayden et al., 1984) . Examination of the other alternate-leaved Oldfieldioideae could clarify whether this is developmental evidence that could aid in the determination of the polarity of this character.
Given the number of synapomorphies shared by most of the Oldfieldioideae but lacking in Croizatia (Fig. 31) , it could argued that this genus should be retained in the Phyllanthoideae. Our data, however, leave little doubt that Croizatia is the sister group of the remaining Oldfieldioideae. Furthermore, the position of Croizatia is ambiguous if it is retained in the Phyllanthoideae (Webster et al., 1987) . We therefore find it more informative to treat Croizatia as the basal member of the Oldfieldioideae.
The second tribe, the Podocalyceae, is supported by a single unique synapomorphy, reduction or loss of the interstitial elements in the exine (8: 2). In addition, unsclerified crystalliferous axial xylem parenchyma (21: 1), convergent elsewhere in the tree, supports this clade (Fig. 31) (Fig. 34) . Because Paradrypetes and Podocalyx are so different from each other (Levin, 1992) , we place each in its own subtribe. The rest of the Oldfieldioideae share two unique synapomorphies (Fig. 31) , simple perforation plates (12: 1) and alternate intervascular pitting (13: 1), and one, microperforate/baculate tectum (9: 2; Fig. 38) , that evolves to other derived states higher within the lade. It is tempting to interpret verrucate nonspinal sculpturing (6: 3) as a synapomorphy of this lade, but the ancestral state is equivocal (Fig. 34) . We divide this lade into two tribes representing a major split within the subfamily.
The first of these tribes, the Picrodendreae (Fig.  32) , is defined by having alternate vessel-ray pitting (18: 1), a synapomorphy that is convergent elsewhere. Tetracoccus, the basal member of this lade, has several autapomorphies and we therefore propose placing it in its own subtribe, the Tetracoccinae (G. Levin in Webster, 1994). Webster placed the Tetracoccinae in the Podocalyceae, emphasizing that the pollen of Tetracoccus, like that of both Paradrypetes and Podocalyx, has four brevicolporate apertures. This state appears to be plesiomorphic at this level in the tree, and treating Tetracoccus plus the Podocalyceae as a monophyletic group lengthens the combined data trees (Figs. 31-33 ) by three steps.
The rest of the Picrodendreae share four homoplastic synapomorphies (Fig. 32) : compound or unifoliolate leaves (24: 1, 2), bundle sheath extensions (33: 1), fimbriate marginal venation (39: 1), and well-developed areoles (42: 1). We recognize three subtribes in the Picrodendreae, representing the three clades of this trichotomy. Oldfieldia, the sole genus of Paivaeusinae, has no synapomorphies that clearly unite it with either lade. Indeed, our data provide no support for the monophyly of Oldfi eldia, which has four species; given the variation in phyllotaxy within the genus (Fig. 37) , the possibility that it is not monophyletic should be examined. Genera in the American subtribe Picrodendrinae (Fig. 32) drinae, but whether this is a synapomorphy or a symplesiomorphy is equivocal (Fig. 37) . Further homoplastic synapomorphies resolve relationships among the four genera in this subtribe (Fig. 32) (Fig. 32) . The final tribe, Caletieae (Fig. 33) , is defined by the unique synapomorphy of crenulate anticlinal walls on the subsidiary cells (30: 1, Fig. 31 ). The South African genus Hyaenanche, the basal member of the clade, also is the sole member found outside Australasia (Fig. 35) . We propose maintaining it in its own subtribe, recognizing its unique distribution and gross morphology. We are unable to choose between two slightly different phylogenies for the remaining genera in the tribe (Fig. 33) because our data support both equally well. All these genera share chambered epidermal cells (27: 1), a unique synapomorphy, and depending on the phylogeny chosen, the lade may also be defined by sclerified crystalliferous axial xylem parenchyma (21: 1). These genera also share nonverrucate sculpturing, either foveolate (6: 1) or psilate-wrinkled (6: 4), but whether either of these states can be considered a synapomorphy at this level is equivocal (Fig. 34) . In either case, we recognize three additional subtribes within the Caletieae.
Reduced or obsolete stipules (45: 1), a unique synapomorphy, and ektexinous periapertural thickenings (10: 1), convergent in Croizatia, unite the genera we assign to the subtribe Dissiliariinae (Fig.  33) . Though our data for these two characters are incomplete for these taxa (see Table 3 (Fig. 33) , we maintain Petalostigma in its own subtribe, the Petalostigmatinae. Whether this subtribe or the Dissiliariinae is more closely related to the final subtribe, the Pseudanthinae, is ambiguous (Fig. 33) . As we discussed previously, some species of Petalostigma have pollen in which the apertures do not all lie on the equator. If this is transitional to the pantoporate condition in the Pseudanthinae, it would suggest that Petalostigma is more closely related to the Pseudanthinae. In either case, the thinwalled unlignified phloem fibers in the primary leaf vein of Petalostigma (31: 2) appear to have evolved independently from the thick-walled unlignified phloem fibers of many of the Pseudanthinae (31: 1), demonstrating the lack of homology between loss of lignification in these two types of fibers.
The core genera of the Pseudanthinae, Micrantheum, Pseudanthus, and Stachystemon, were first placed together in 1858 (Agardh, 1858) and have remained so in virtually every system since then. Punt (1962) and K6hler (1965) recognized that Neoroepera is closely related to these genera all share pantoporate pollen (3: 1) and Webster (1975) reinforce our earlier conclusion that pantoporate apertures evolved independently in Androstachys and in the Pseudanthinae (Fig. 39) . The woods of Kairothamnus and Scagea have not been examined, but it appears that two wood synapomorphies, homocellular erect rays (16: 1; unique) and alternate vessel-ray pitting (18: 1; homoplastic), also unite the Pseudanthinae (Fig. 33) . All the genera in the subtribe are monoecious (48: 1), but whether this is a synapomorphy of this subtribe or of a larger group is ambiguous (Fig. 33) .
Though McPherson & Tirel (1987) discovered that Scagea is pantoporate, they were impressed by its uniovulate carpels and placed it in the Crotonoideae. Our studies show that Scagea instead belongs in the Pseudanthinae. Pollen ultrastructure of Crotonoideae, though variable, is quite different from that of Scagea (Nowicke, 1994, this issue). As we discussed previously in the section on cladistic analysis of the palynological data, Scagea instead shares the unique ultrastructural synapomorphies of the other Pseudanthinae (except Neoroepera buxifolia; see Fig. 33 ), notably a thick, homogeneous foot-layer (7: 1; Fig. 36 ) and a microperforate/granular tectum (9: 3; Fig. 38 ). So far as is known (its wood has not been examined), Scagea also shares the morphological synapomorphies expected of a genus nested within the Pseudanthinae, making it unlikely that Scagea belongs elsewhere. Specifically, it has chambered epidermal cells (27: 1; Fig. 33 ) and crenulate anticlinal walls on the subsidiary cells (30: 1; Fig. 31 ), both unique synapomorphies within the Oldfieldioideae; crenulate subsidiary cells are not known elsewhere in the Euphorbiaceae (Hayden, 1994) . Also unique in Oldfieldioideae is having the cotyledons narrower than the radicle (23: 1), a synapomorphy shared by Micrantheum, Pseudanthus, and Stachystemon (Fig. 33) ; seeds of Scagea (and Kairothamnus) should be examined to determine the form of its embryo. Like the other Pseudanthinae, Scagea is monoecious.
On the basis of our data Neoroepera appears to be diphyletic, in that N. banksii shares with other Pseudanthinae four synapomorphies that are lacking in N. buxifolia. With Kairothamnus, Scagea, Micrantheum, Pseudanthus, and Stachystemon, N. banksii shares a thick, homogeneous footlayer (7: 1; Fig. 36 ) and a microperforate/granular tectum (9: 3; Fig. 38 ), both unique within the 236 Annals of the Missouri Botanical Garden Oldfieldioideae, and with the last three genera shares thick unlignified phloem fibers in the primary leaf vein (31: 1) and an intramarginal leaf vein (38: 1), both also unique synapomorphies (Fig. 33) . Neoroepera buxifolia is the type species, so it appears that a new genus will have to be described to accommodate N. banksii (Levin, in prep.).
As we discussed previously when explaining character state coding, it is unclear whether Micrantheum bears sessile compound exstipulate leaves or simple leaves with foliaceous stipules. This cladistic analysis shows that within the Oldfieldioideae compound leaves (24: 1, 2) are restricted to the Picrodendreae and loss of stipules (45: 1) to the Dissiliariinae. It is therefore more parsimonious to interpret the leaves of Micrantheum as being simple with foliaceous stipules.
BIOGEOGRAPHY
The phylogenies shown in Figures 31-33 fit very well with the distribution of the genera (Fig.  35) . Croizatia, Paradrypetes, and Podocalyx, which form the basal two clades, are all American, as are Tetracoccus and the four genera we place in the Picrodendrinae, Celaenodendron, Parodiodendron, Picrodendron, and Piranhea. In contrast, Oldfieldia and the Mischodontinae are African and/or Madagascan, with the exception of Mischodon itself which is found in India and Sri Lanka. With the sole exception of the South African endemic Hyaenanche, the remaining genera are all Australasian.
RELATIONSHIPS WITH OTHER EUPHORBIACEAE
It is clear that Oldfieldioideae are derived from within the Phyllanthoideae (Hayden, 1994; Webster, 1994; Webster et al., 1987) . We have not studied the pollen ultrastructure of enough Phyllanthoideae, particularly the relatively basal genera, to be able to use those data to resolve relationships further. Uncertainty about appropriate outgroups also limited resolution of relationships among the Phyllanthoideae we did study and between these taxa and the Oldfieldioideae. At this point we can do little more than speculate that the closest relatives of the Oldfieldioideae are probably among the relatively basal Phyllanthoideae.
As pointed out by Webster et al. (1987) , the resemblance between pollen of Amanoa guianensis and Oldfieldioideae is superficial. Though the pollen of A. guianensis may appear to be echinate with verrucate nonspinal sculpturing (Webster et al., 1987: fig. 7) , the pollen has a thin, continuous foot-layer (7: 0) like other Phyllanthoideae. Furthermore, pollen of A. guianensis is intectate: the verrucae and round-ended spines or baculaeoriginate from the foot-layer rather than the tectum (Fig. 14) . Thus the pollen of A. guianensis does not support a close relationship between this species and the Oldfieldioideae. Instead, A. guianensis appears to be a derived species within a genus that otherwise has tectate-reticulate pollen (Simpson & Levin, in prep.; K6hler, 1965; Punt, 1962) , as seen, for example, in A. strobilacea (Fig. 15) .
RECOMMENDATIONS FOR FUTURE RESEARCH
This study confirms that pollen studies using TEM, like those using LM and SEM, can contribute data of systematic significance for the Euphorbiaceae. Nowicke's (1994) study of Crotonoideae provides additional evidence for the utility of TEM data. Given our ignorance of pollen ultrastructure throughout most of the family, we recommend starting with general surveys of the remaining three subfamilies, paying particular attention to relatively basal genera in the various lineages.
By combining our pollen data with the excellent data on the vegetative morphology and anatomy obtained by Hayden (1980 Hayden ( , 1994 , we have been able to propose a strong hypothesis for the phylogeny of the Oldfieldioideae. Unfortunately we have largely neglected reproductive morphology in our analysis. This is due in large part to inconsistent descriptions and lack of published data. There is a pressing need for a careful comprehensive review of reproductive morphology throughout the Oldfieldioideae. When those data are available, systematists can further test and refine the phylogeny and classification we have proposed.
Certain taxa also require further study of their vegetative anatomy because these data currently are unavailable (see Table 3 ). Critical among these taxa is Croizatia because of its apparently basal position within the subfamily; both its wood and foliar anatomy are poorly known. Other taxa requiring further study are Kairothamnus, Longetia, Scagea, and Stachystemon, for all of which we lack data on wood anatomy, and Voatamalo, for which we lack data on foliar morphology and anatomy.
Chromosome numbers are known for only two species in the Oldfieldioideae, Mischodon zeylanicus and Tetracoccus fasciculatus (S. Watson) Croizat. Both have x = 12 (Datta, 1967; Perry, 1943; Sarkar & Datta, 1980) , whereas the base number for most Phyllanthoideae is x = 13 (Hans, 1973) . Chromosome counts for more Oldfieldioideae are needed to determine if chromosome num-
